negative selection is increased. This results in an A2-restricted repertoire that contains receptors with higher than usual affinity for A2 per se. When provided with the A2/Kb molecule, murine CD8 can participate more fully in interaction with the restriction element, thus elevating the avidity of the interaction above the threshold required for the induction of detectable lytic activity in the absence of antigen. However, because CD8 is also required for T cell stimulation, our results are also consistent with a model in which only the affinity cutoff for negative selection is increased and the observed recognition of A2 per se is due to an increase in the affinity requirement for antigen responsiveness rather than positive selection. to a normal male metaphase spread, resulted in a uniform green-red staining of the autosomes, whereas the X chromosome appeared more red (Fig. 1A) . Hybridizations with DNA from cell lines carrying two, three, four, or five copies of the X chromosome resulted in increasingly strong green fluorescence from the X chromosome relative to the autosomes. The average greento-red fluorescence ratio of the X chromosome (Fig. iB) 
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transgenic mice and C. Wood for excellent secretarial assistance. Supported by grant CA 25803 from the National Cancer Institute of the National Institutes of Health. red) somes. The CGH with biotinylated 600PE DNA (in green) and normal digoxigeninlabeled reference DNA (in red) revealed the following relative copy number changes: gain of lq and loss of 9p, 16q, 17p, and distal 1 1q. The green-to-red ratio profiles for these aberrant chromosomes are shown in Fig. 2 . Fluorescence in situ hybridization (FISH) with locus-specific 16p and 16q cosmid probes to 600PE cells (9) found two signals per nucleus for 16p and one for 16q that permitted calibration of a green-to-red ratio of 1.0 as indicating two copies of a sequence.
Thus, if the absolute copy number of any region in a tumor genome is known, relative numbers can be converted to actual copy numbers at all loci. The CGH results differed from the originally published karyotype in the region of 16p and proximal lp. This discrepancy was subsequently resolved based No. of X chromosomes on the FISH analysis with locus-specific probes that indicated that the components of one of the marker chromosomes had been misinterpreted by conventional cytogenetic analysis (8) . CGH with DNA from two fibroblast cell lines (10) detected small interstitial deletions around the RBI locus: del (13) (pter>q14.1::q21.2>qter) and del (13) (pter>q14.1::q22.1>qter). On the basis of the CGH analysis and measurement of the deletion size as a fraction of the length of chromosome 13 (total length 111 Mb), these deletions were estimated to span about 10 and 20 Mb, respectively. Thus, it is possible that CGH could be used to screen DNA samples from solid tumors in order to identify physical deletions that may uncover recessive mutant tumor suppressor genes. The CGH technique was evaluated for its ability to detect increased gene copy number with cell lines that contained previously reported amplification of oncogenes. CGH was performed with DNA from a colon cancer cell line, COLO 320HSR (Fig. 3A) , known to contain more than a 50-fold amplification of a 300-kb region around the myc oncogene (1 1). The expected high green-to-red ratio at 8q24 that corresponds to the myc locus is clear. The height of the peak does not quantitatively reflect the level of amplification because the fluorescent signal spreads over a region of the chromosome that is larger than the length of the amplicon. This is apparently a result of the complex organization of the target DNA in the denatured Fig. 2 . Green-to-red fluorescence ratio profiles of chromosomes 1, 9, 11, 16, and 17 after hybridization with 600PE DNA (green) and normal reference DNA (red). Profiles reflect the relative copy number of the chromosomal regions. FISH of 600PE interphase and metaphase cells indicated that the copy number for 16p loci was 2. Thus, the ratio of 1.0 indicates two copies of the sequence throughout the genome. The dip in the profile at 1 p34 through 1 p36 may represent a previously unsuspected small interstitial deletion but has not been verified independently with specific probes for this region. Centromeric and heterochromatic regions of the genome are not included in the analysis because the Cot-1 DNA partially blocks signals in these regions, and the large copy number polymorphisms between individuals at these loci make the ratio data unreliable. Chr., chromosome. Fig. 3B ). We also applied CGH to identify and map amplified DNA sequences in uncultured primary bladder tumors. Of the seven tumors tested, two showed evidence of DNA amplification, but the loci were not the same (Table 1) . Thus, a number of previously unsuspected genomic regions that might contain genes important for cancer progression have been identified. Further studies will be required to determine 820 which loci contain novel oncogenes and which represent coincidental, random DNA amplification characteristic of general genomic instability.
The detection and mapping of unknown amplified sequences that typically span several hundred kilobases to a few megabases demonstrates the usefulness of the CGH technique for rapid identification of regions of the genome that may contain oncogenes. Similarly, detection of deletions may facilitate identification of regions that contain tumor suppressor genes. The ability to survey the whole genome in a single hybridization is a distinct advantage over allelic loss studies by restriction fragment length polymorphism (RFLP) that target only one locus at a time. RFLP is also restricted by the availability and informativeness of polymorphic probes. However, further studies are required to establish to what extent allelic losses in tumors are caused by physical deletions. In clinical specimens, the detection of small copy number differences, such as those associated with deletions, is more difficult than in cell lines because of the admixture of DNA from contaminating normal cells and because of intratumor genetic heterogeneity. Like RFLP, CGH also emphasizes the detection of aberrations that are homogeneous in the cell population and averages those that are heterogeneous. Currently, sensitivity is primarily limited by the granularity of the hybridization signals in the metaphase chromosomes. We expect further improvements in sensitivity will be achieved by optimization of the probe concentration and labeling and by the averaging of the green-to-red fluorescence ratios from several metaphase spreads. CGH comparisons other than those described here-for example, between primary tumors and their metastases-should also be informative. 4 formamide-2x SSC (pH 7), twice in 2x SSC, and once in 0.1 x SSC (10 min for each wash). After washing, the slides were immunoc hemically stained at room temperature in three 30-min steps: 
